in person and over the telephone in English and Spanish. Psychiatric disorders were assessed using the World Mental Health Survey Initiative version of the World Health Organization Composite International Diagnostic Interview (WMH-CIDI). Physical chronic illness was assessed by self-reported history. Results Puerto Ricans had the highest prevalence of meeting criteria for any comorbid psychiatric disorder (more than one disorder). Puerto Ricans had the highest prevalence (22%) of subject-reported asthma history, while Cubans had the highest prevalence (33%) of cardiovascular disease. After accounting for age, sex, household income, number of years in the US, immigrant status, and anxiety or depression, anxiety was associated with diabetes and cardiovascular disease, in the entire sample. Depression and co-occurring anxiety and depression were positively associated with having a history of asthma but not with other physical diseases, in the entire sample. Interestingly, Puerto Ricans with a depressive disorder had a lower odds of having a history of cardiovascular disease than Puerto Ricans without a depressive disorder. The relationship between chronic physical and mental illness was not confounded by immigration status or number of years in the US. Discussion Despite previous findings that link acculturation with both chronic physical and mental illness, this study does not find that number of years in the US nor nativity explain the prevalence of psychiatric-medical comorbidities. This study demonstrates the importance of considering psychiatric and medical comorbidity among specific ethnic groups, as different patterns emerge than when using aggregate ethnic measures. Research is needed on both the pathways and the mechanisms of comorbidity for the specific Latino groups.
Introduction
Growing evidence has demonstrated substantial comorbidity between physical and mental illness [32] . For instance, depression and anxiety are associated with heart disease [21, 37] , type 2 diabetes [13], renal disease [18] , obesity [30, 45] , and asthma [14, 15, 34] . Furthermore, there are data to suggest that subjects with comorbid physical and mental illness have higher health care costs than people without comorbidities [29] .
The pathways between mental and physical illness comorbidities are not fully understood. Several possible mechanisms and synergies exist. For instance, depression may lead to overeating and obesity and, thus, greater risk for diseases such as cardiovascular disease or diabetes. On the other hand, enduring the stressors related to having a chronic disease may lead to the development of depression. For asthma, it remains unclear if anxiety is an outcome related to anticipating an attack or a precursor to an asthma exacerbation [35] .
Within the Latino population, mental and physical health problems have been separately identified as important public health concerns. For example, Latinos have lower rates of mental health problems than non-Latino whites, but evidence has shown that their risk for mental illness increases with acculturation [33, 42] . Recent data from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) [17] found that with more exposure to the US, the likelihood of at least certain psychiatric disorders, such as depression, is increased among the Latino population.
The National Health and Nutrition Examination Survey (NHANES) and other epidemiological studies have demonstrated that compared with non-Latino whites, Latinos have high risk for certain chronic diseases such as diabetes [8] , but they have low risk for other conditions such as asthma, hypertension and cancer mortality [6, 7, 9, 19] . Using the Behavioral Risk Factors Surveillance System (BRFSS), the Centers for Disease Control and Prevention (CDC) reported that 5% of adult Latinos had lifetime reports of asthma compared with 9% for blacks and 8% for whites; however, once stratified by location, island Puerto Ricans had the highest proportion of asthma (16%) [5, 7] . Data from the NHANES showed that 54% of Mexican Americans had hypertension compared with 71% for whites and 73% for blacks [19] . Among those subjects with hypertension, MexicanAmericans were less likely to be aware of their condition and less likely to be under current treatment [9] than the other comparison groups. The 1998-2002 BRFSS demonstrated that 9.8% of Latinos versus 5% of whites had self-reported diabetes [8] .
Similar to mental disorders, the odds for asthma, hypertension, and cancer have been shown to increase with acculturation for Latinos [22, 33, 39, 41] . The role of acculturation (the complex process of adaptation to an alien host society or culture) in the epidemiology of both mental and physical diseases is not well understood. However, researchers have posited that the role of health behaviors related to adapting to mainstream American lifestyles, such as diets high in fat, salt and cholesterol, smoking patterns and sedentary lifestyles, may increase the risk for a slew of chronic physical health problems. For psychiatric and substance use disorders, the mediating factors are less clear. Researchers have suggested that the increased risk for mental illness among acculturated Latinos may be due to the breakdown of the family network and social support system [10, 33] .
In this paper, using a stratified national probability sample of Puerto Ricans, Mexicans, Cubans and other Latinos we will (a) determine the prevalence of psychiatric disorders; (b) determine the prevalence of select chronic physical health problems (asthma, diabetes, and cardiovascular disease); and (c) determine the associations of depression and anxiety to chronic physical illness, after accounting for immigration status and number of years in the US, as well as other potential confounding factors.
Methods
The data presented here are based on a nationally representative sample of Latinos obtained from the National Latino and Asian American Study (NLAAS), which was described by Heeringa et al. [20] . The original study makes use of both national Latino and Asian samples; however, we only report on the Latino sample here. In brief, the NLAAS is based on a stratified area probability sample design. All subjects are 18 years or older from the non-institutionalized population of the 50 states and Washington, DC. The sample consists of 2,554 Latinos. Of the Latinos, 577 were Cuban, 495 were Puerto Rican, 868 were Mexican, and 614 were other Latino. The interviews were conducted in both English and Spanish by trained interviewers at the University of Michigan's Institute for Social Research (ISR) between May 2002 and November 2003. The overall response rate for the weighted Latino sample was 75.5% [20] .
j Measures
The surveys used in the NLAAS were administered in English and Spanish. Standard pre-validated measures that were not available in Spanish were translated and adapted using a comprehensive process guided by a conceptual model that focused on cross-cultural equivalence in five dimensions (semantic, content, technical, criterion, and conceptual equivalence).
A module in the survey asked respondents about lifetime histories of physical chronic illness. We decided to examine only those illnesses that were highly prevalent in the Latino population: lifetime history of asthma, diabetes (type I or II), and cardiovascular disease.
Lifetime and 12-month psychiatric disorders were measured using the diagnostic interview of the World Mental Health Survey Initiative version of the World Health Organization Composite International Diagnostic Interview (WMH-CIDI) [26] . For the current study, we examined lifetime measures of psychiatric illness, since we used lifetime measures of chronic physical illness. The WMH-CIDI is a fully structured diagnostic instrument adminis-tered by trained lay interviewers. WMH-CIDI diagnoses are based on criteria of the Diagnostic and Statistical Manual of Mental Disorders, version 4 (DSM-IV) and ICD-10 symptom criteria. The validity of the English and Spanish translation of the WMH-CIDI was assessed by a clinical reappraisal study; the methods are described in detail elsewhere [1, 26] . The reappraisal study aimed to determine whether the diagnoses generated by the WMH-CIDI were consistent with those obtained independently by trained clinicians who administered the Structured Clinical Interview for DSM IV (SCID) to a sub-sample of survey respondents who previously completed the WMH-CIDI [12] . The results of the clinical reappraisal for the English WMH-CIDI have been reported elsewhere [27] . Analyses of the reappraisal study for the Spanish translation of the WMH-CIDI are in progress. Preliminary results show good concordance between DSM-IV diagnoses based on the WMH-CIDI and the SCID for mood and substance disorders.
For the purposes of the present study, we concentrated on depression and anxiety, since the literature points to their specific associations with chronic illness. Two global diagnostic categories for lifetime anxiety and depression were developed. Categories were constructed by collapsing all specific diagnoses with common clinical characteristics, e.g., major depressive episode and dysthymia, into the category of ''any depressive disorder'' and specific anxiety disorders, e.g., panic disorder, agoraphobia, social phobia, posttraumatic stress disorder, and generalized anxiety disorder into the category of ''any anxiety disorder.'' We also measured whether the respondents had any lifetime psychiatric disorder across the full array of disorders measured in the NLAAS, more than one disorder (comorbid psychiatric disorders), and comorbidity between anxiety and depressive disorders.
Several personal and demographic characteristics were measured to see if they explained differences in the relationships between psychiatric illness and physical illness by Latino subgroup. They included language use (Spanish only, both English and Spanish, or English only), sex, marital status (married, never married, widowed/separated/divorced), education (11 years or less, 12 years, 13-16 years, 17 years or more), perception of financial need (has more money than need, just enough money, not enough money), family household income (£$14,999, $15,000-$34,999, $35,000-$74,999, ‡$75,000), immigration/nativity (mainland US-born versus Puerto Rico island-or foreign-born), number of years in the US, if foreign born, and age (18-34, 35-49, 50-64, 65 or more years).
Data analysis
All analyses were weighted using STATA (2004) to account for the stratified and over-sampling features of the study design. For a full description of the NLAAS sample design see Heeringa et al. [20] . First, v 2 analyses were conducted to examine associations across the Latino subgroups (Puerto Rican, Cuban, Mexican, or other Latinos) and the demographic variables. Second, across the subgroups we compared the association between national origin and having any psychiatric disorder, more than one disorder, any depressive disorder, any anxiety disorder, and comorbid anxiety and depressive disorders. Third, we compared across the subgroups the associations between national origin and the selected lifetime reports of chronic physical illnesses (asthma, diabetes, and cardiovascular disease). Fourth, using multiple logistic regression analyses, we compared the associations of the dependent chronic physical illness measures for asthma, diabetes, and cardiovascular disease with anxiety and depressive disorders, as independent variables. The logistic regression models were fitted for the entire Latino sample and stratified by each of the three major ethnic subgroups (Puerto Ricans, Cubans and Mexicans). We did not include other Latinos for these last analyses, since they are an aggregate of multiple Latino subgroups. The regression models were adjusted for age, gender, family household income, number of years in the US, and immigration/nativity. For the multivariate models that focused on any anxiety disorder and any depressive disorder, we also adjusted for any depressive disorder and any anxiety disorder, respectively. For the v 2 analyses, we established significance at a = 0.05 level. For the logistic regression analyses, we report odds ratios (OR) with their 95% confidence intervals. Table 1 shows the results demonstrating the associations between the total Latino sample, each Latino subgroup, and the demographic variables. Cubans had the highest percentage of Spanish only speakers, while Puerto Ricans had the highest percentage of English only speakers. Mexicans had the highest percentage of males, while ''other Latinos'' had the highest percentage of female participants. Mexicans had the highest proportion of subjects who were married while Puerto Ricans and ''other Latinos'' had the highest percentages of those who were never married. Mexicans had the highest proportion of subjects who had less than 12 years of education and the lowest percentage with 17 years or more of education; Cubans had the highest percentage of subjects with 17 years or more of education. Cubans had the highest percentage of families that made $75,000 or more a year, while Mexicans had the highest percentage of Latino respondents that made less than $15,000 a year. Puerto Ricans were more likely to be born in the mainland US. Puerto Ricans had the highest percentage of families who have spent more than 20 years in the US; Mexicans were younger while Cubans were older. Table 2 shows the associations between Latino ethnic subgroups and the classifications for psychiatric disorders. Puerto Ricans had the highest lifetime prevalence rates of any psychiatric disorder, meeting criteria for more than one disorder, any depressive or any anxiety disorder. No significant differences were found for comorbid anxiety and depressive disorder across Latino subgroups. Table 3 shows the associations between the ethnic subgroups and the selected self-reported histories of chronic physical illnesses. Two significant associations were found. Approximately 22% of the Puerto Ricans had a history of asthma compared with only 12% of Cubans, 6% of Mexicans, and 9% of other Latinos. Cubans had the highest subject reported history of cardiovascular disease. Approximately 33% of the Cubans had a history of cardiovascular disease compared with 24% of Puerto Ricans, 14% of Mexicans, and 18% of other Latinos. Table 4 shows the unadjusted and adjusted effects of anxiety and depressive disorders on asthma, diabetes, and cardiovascular disease for the entire sample and stratified by the three main Latino subgroups.
Results
The following summarizes the adjusted logistic regression analyses, which controlled for age, sex, income, number of years in the US and immigrant status/nativity. The multivariate models for ''any anxiety disorder'' and ''any depressive disorder'' also controlled for any depressive disorder and any anxi- Depressive disorder was positively associated with having a history of asthma for the entire Latino sample. Once stratified, depressive disorder was associated with asthma among Puerto Ricans and Mexicans. Interestingly, Puerto Ricans with a depressive disorder had a lower odds of having a cardiovascular disease history than Puerto Ricans without a depressive disorder. Comorbid anxiety and depressive disorder was associated with asthma in the entire Latino sample, and once stratified, was associated with asthma only in Mexicans. The unadjusted analyses yielded similar results.
Discussion
To our knowledge, this paper is the first attempt to quantify the national estimates of the co-occurrence of anxiety and depression and chronic physical illness in a diverse national sample of Latinos. This is the first national probability study that demonstrates that Puerto Ricans have the highest levels of psychiatric comorbidity than other Latino groups. Puerto Ricans had a higher prevalence of having any lifetime psychiatric disorder, having more than one disorder, having any depressive disorder, and having any anxiety disorder than the other Latino groups. Lifetime anxiety was significantly associated with diabetes and cardiovascular disease, in the entire Latino sample. Lifetime depression was only associated with asthma, in the entire Latino sample. Further, the finding that asthma was most prevalent among Puerto Ricans is consistent with increasing evidence that Puerto Ricans have the highest odds of having asthma than any other group of people in the United States [3, 11, 23, 28, 34, 35] . To our knowledge, the higher cardiovascular disease prevalence in Cubans is a new observation.
The findings from the present study replicate the established link between anxiety and cardiovascular disease for Latinos. However, Latinos do not show comorbidity between depression and cardiovascular diseases. A recent meta-analysis [38] showed that both anxiety and depression are associated prospectively with increased risk for developing cardiovascular disease among healthy individuals at baseline. Suls and Bunde [38] concluded that this association with cardiovascular disease might be attributed to a general personality trait of negative affect, as opposed to specific effects of the individual constructs. Therefore, the specific link between anxiety and cardiovascular disease among Latinos is a unique finding in that it shows differentiation between anxiety and depression. One possible explanation may be that the Latino adult population is younger, on average, than other ethnic and racial groups, and thus the comorbidity is not yet evident. Stratified analyses by Latino subgroups showed that the association between anxiety disorders and cardiovascular disease was significant among Puerto Ricans and Mexican-Americans. This finding is particularly interesting given the low rate of anxiety disorders among Mexican-Americans in the present study. Furthermore, the NESARC study showed that Mexicans (US-born and foreign-born) have lower rates of anxiety disorders than non-Latino whites [17] . This link between anxiety and cardiovascular disease may be related to common behavioral risk factors, such as cigarette smoking, which has been linked in prospective studies to the development of anxiety disorders [28] . Wilkinson et al. (2005) showed that the rate of cigarette smoking among Mexican-Americans in the US, particularly among US-born men, appears to be higher than previous studies have shown [44] . Higher levels of acculturation and time spent in the US appear to increase the risk of smoking among Mexican-Americans. Anxiety and stress may promote cardiovascular disease via physiological pathways involving activation of the sympathetic nervous system and hypothalamic-pituitary-adrenocortical axis [38] . Future research should investigate physiological reactivity to stress across Latino subgroups as another possible mechanism in anxiety-cardiovascular disease comorbidity.
The absence of an association between depression and diabetes contradicts previous research showing a two-fold increased likelihood of patients with diabetes having depression versus patients without diabetes [2] . Traditional Latino cultural values such as familism, which emphasizes close-knit family bonds, may serve as a protective factor in preventing the development of depression among individuals with cardiovascular disease and diabetes. The association between anxiety and diabetes among Latinos in the present study is consistent with the previous literature [36, 40] . Comorbidity between anxiety and diabetes was found among Cuban-Americans and MexicanAmericans but not Puerto Ricans.
Furthermore, there was no evidence of comorbidity between anxiety and asthma among Puerto Ricans.
This finding is particularly interesting given the high rate of lifetime anxiety disorders (22%) and asthma (22%) among Puerto Ricans in the present study. Puerto Ricans appear to be at higher risk for an anxiety disorder, regardless of whether there are comorbid medical conditions present.
The result from the present study showing associations between asthma and depression is consistent with community-based studies [15, 16] . Asthma was the only chronic physical disease in the present study that was positively associated with depression and comorbid anxiety and depression. Examination of Latino subgroups revealed that asthma was associated with depression among Puerto Ricans and MexicanAmericans but not Cuban-Americans. This finding is particularly salient given recent data showing that Puerto Ricans are less responsive to b 2 -agonist medication and have greater disease severity and morbidity than Mexicans [4] . Therefore, asthmadepression comorbidity may be consistent across levels of asthma severity. The absence of a significant association between asthma and anxiety when examining ethnic subgroups may be attributed to the small sample size in these analyses. Another interesting finding is that Puerto Ricans with a depressive disorder had a lower odds of having a cardiovascular disease history than Puerto Ricans without a depressive disorder; this finding is counter to much of the existing literature on the association between depression and cardiovascular disease and deserves further exploration.
The findings concerning psychiatric-medical comorbidity were independent of age, sex, household family income, number of years in the US, and immigrant status/nativity. Studies have consistently shown that individuals of low and middle socioeconomic status are at greater risk for psychiatric disorders, across different types of psychiatric diagnoses [24, 31, 43] . Additionally, acculturation has been identified as a predictor of psychiatric disease in Latinos [33] . Foreign-born MexicanAmericans appear to be at lower risk for psychiatric disorders than US-born Mexican-Americans [17, 33, 42] . Younger age of entry into the US and more time spent in the US increase the risk of psychiatric disorders [42] . Therefore, controlling for these predictors of mental health demonstrates that the findings on psychiatric-medical comorbidity are robust in the present study.
While the current paper is useful to help establish the magnitude of the effects for comorbid psychiatric and physical illness in different Latino groups, the study has several limitations. First, the measures of lifetime history of chronic illnesses in this study are rather crude measures based on subject self-reports. The NLAAS was not originally designed to specifically address the issue of physical and mental health comorbidities, so the analyses presented here were secondary to the original study aims. Second, we used lifetime psychiatric and chronic physical conditions and not current assessments. As in any retrospective observational study, the data may be threatened by recall bias, and the directionality of the associations cannot be determined. However, we used lifetime assessments for both illness classifications in order to minimize the issue of inconsistent time references. Third, even though we accounted for important demographic variables and number of years in the US and immigration status/nativity, our covariates are limited in their ability to test the full range of potential mechanisms that might account for comorbidities (i.e., other common risk factors). Fourth, the NLAAS did not collect data on the 25% who did not respond to the survey, so we are unable to compare responders versus non-responders to determine if there are any potential biases due to who responded. Fifth, there are no published studies that validate the Composite International Diagnostic Interview (CIDI) for Latinos. While the instrument has been shown to be valid for several disorders in non-Latino populations, in particular mood and substance disorders, its validity still needs to be determined for Latinos.
Conclusion
To our knowledge, this is the first paper to describe the national prevalence estimates of comorbid psychiatric and chronic physical illness in different Latino subgroups. This paper demonstrates that anxiety disorders are associated with diabetes and cardiovascular disease among a representative sample of Latinos in the United States. Having a depressive disorder and having cooccurring anxiety and depressive disorders were positively associated with having a history of asthma. Puerto Ricans with a depressive disorder had a lower odds of having a history of cardiovascular disease than Puerto Ricans without a depressive disorder, which runs counter to the current evidence of their association. Thus, these findings demonstrate that Latinos may show a different pattern of psychiatric-medical comorbidity than the general population. Furthermore, this study shows the importance of examining psychiatric-medical comorbidity among specific ethnic subgroups, as unique patterns emerged for MexicanAmericans, Cuban-Americans, and Puerto Ricans. It will be important for future research to explore the mechanisms and directionality of psychiatric and medical illnesses in each of these ethnic subgroups. Additional studies should also examine the potential role of culture in protecting against the onset of depressive disorders among patients with cardiovascular disease and diabetes. Primary care may be an important place to identify co-morbid mental health conditions among Latinos and ensure that appropriate treatment is provided for both mental and physical conditions. j Acknowledgements This work was supported by National
